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© An ultrapure water trap (22) is provided for re- 
taining condensed water of water vapor which is 
formed in a TC oxidative reaction part (2), and a 
passage is so connected that an automatic sample 
injector (15) can collect ultrapure water from the 
ultrapure water trap (22) for injecting the same into 
the TC oxidative reaction part (2). The automatic 

Fig.1 
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sample injector (15) dilutes ordinary pure water 
which is outside this apparatus with the ultrapure 
water which is retained in the ultrapure water trap 
(22), thereby preparing a test solution having ul- 
tralow carbon concentration of not more than 50 
ppbC in the interior of a TOC meter. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a total organic 
carbon meter for measuring TOC (total organic 
carbon) or TC (total carbon) in an aqueous sample. 

Description of the Background Art 

In a case of measuring TOC in an aqueous 
sample with a TOC meter, it is one of important 
matters that TOC measurement for carbon con- 
centration of not more than 50 ppb (hereinafter 
referred to as 50 ppbC) is possible in the TOC test 
method which is defined in the Pharmacopeia of 
Japan, for example. According to the revised GMP 
rule enforced on April 1, 1994, medicinal makers 
must control TOC values of water for injection 
water and wash water. When a TOC meter is used 
for the purpose of TOC control, the user must 
prove that the TOC meter can measure TOC val- 
ues of not more than 50 ppbC. Following prev- 
alence of the ISO 9000 standard, a TOC meter 
which is used for controlling TOC in pure water 
must be capable of measuring TOC values of ul- 
tralow concentration also in other fields, similarly to 
the above. 

In order to prove that a TOC meter can mea- 
sure TOC values of not more than 50 ppbC, it is 
necessary to prepare a TOC test solution having 
known concentration of not more than 50 ppbC. 
However, it is almost impossible for the user to 
prepare a solution of such low carbon concentra- 
tion, for the following reasons: 

(1) It is difficult to obtain pure water of not more 
than 50 ppbC itself. 

(2) Even if such pure water can be obtained, it is 
difficult to prepare and keep a test solution 
having concentration of not more than 50 ppbC 
in excellent accuracy, due to contamination ex- 
erted from the exterior during preparation of the 
test solution. 

SUMMARY OF THE INVENTION 

An object of the present invention is to enable 
a user to prove that a TOC meter has measure- 
ment sensitivity for ultralow concentration by en- 
abling preparation of a test solution of ultralow 
concentration in the interior of the TOC meter. 

The TOC meter to which the present invention 
is directed at least comprises a reaction part (2) at 
least including a TC oxidative reaction part for 
converting TC in an aqueous sample to C0 2 , an 
automatic sample injector (15) for collecting the 
aqueous sample or ordinary pure water and inject- 
ing the same into the reaction part (2), a sample 



injection control part (18) for controlling the sample 
injecting operation of the automatic sample injector 
(15), a carrier gas supply part (1) for supplying 
carrier gas to the reaction part (2), a C0 2 detection 

5 part (12) for detecting CO2 which is received from 
the reaction part (2) with the carrier gas, and a data 
processing part (13) for processing a detection 
signal of the C0 2 detection part (12). According to 
the present invention, the TOC meter further com- 

10 prises an ultrapure water trap mechanism (20, 21, 
22) which is provided in a passage between the TC 
oxidative reaction part of the reaction part (2) and 
the CO2 detection part (12) for retaining condensed 
water of water vapor which is formed in the TC 

15 oxidative reaction part, and a passage for connect- 
ing the automatic sample injector (15) with an ul- 
trapure water trap (22) of the ultrapure water trap 
mechanism (20, 21, 22) to be capable of collecting 
ultrapure water from the ultrapure water trap (22) 

20 and injecting the same into the reaction part (2). 
The sample injection control part (18) is also adapt- 
ed to control an operation of collecting the ul- 
trapure water and ordinary pure water which is 
outside this apparatus for diluting the ordinary pure 

25 water with the ultrapure water and injecting the 
diluted pure water into the reaction part (2). 

In a preferred mode shown in Fig. 2, the data 
processing part (13) comprises a calibration curve 
part (30) for forming and holding calibration curve 

30 data, a carbon concentration calculating part (31) 
for calculating carbon concentration from the detec- 
tion signal of the CO2 detection part (12) through 
the calibration curve, and a dilution magnification 
calculating part (32) for calculating a dilution mag- 

35 nification for forming a test solution having ultralow 
carbon concentration by diluting the ordinary pure 
water with the ultrapure water stored in the ul- 
trapure water trap (22) from the concentration cal- 
culated by the carbon concentration calculating 

40 part (31) in measurement of the ordinary pure 
water which is outside this apparatus, and the 
sample injection control part (18) controls to collect 
the ordinary pure water and the ultrapure water in 
accordance with the dilution magnification calcu- 

45 lated by the dilution magnification calculating part 
(32) and inject the same into the reaction part (2). 

According to the present invention, condensed 
water of water vapor which is formed in the TC 
oxidative reaction part is collected in the TOC 

50 meter. Since this condensed water is ultrapure 
water whose TOC value is substantially zero, it is 
possible to prove that the TOC meter has sensitiv- 
ity for ultralow concentration by diluting the or- 
dinary pure water (at least 100 ppbC in general), 

55 which is subjected to measurement of concentra- 
tion, with the ultrapure water for preparing a test 
solution of ultralow concentration and measuring 
the test solution. Thus, the test solution of ultralow 
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concentration can be prepared in the TOC meter 
according to the present invention, whereby it is 
possible to simply measure a test solution of ul- 
tralow concentration in high accuracy. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an embodi- 
ment of the present invention; 
Fig. 2 is a block diagram showing the present 
invention, illustrating a part corresponding to the 
present invention among functions of a data 
processing part shown in Fig. 1 ; 
Fig. 3A is a flow chart showing a calibration 
curve forming operation in the embodiment; 
Fig. 3B illustrates the calibration curve forming 
operation in the embodiment; and 
Fig. 4 is a flow chart showing a measuring 
operation for confirming that the embodiment 
has sensitivity for ultralow concentration. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 shows an embodiment of the present 
invention. 

A TOC meter is provided in its body with a TC 
oxidative reaction part 2 for converting TC in an 
aqueous sample to C0 2 , and an IC reaction part 6 
for converting IC (inorganic carbon) in the aqueous 
sample to C0 2 . An automatic sample injector 15 
comprising a four-port valve 16 and a microsyringe 
17 is provided for collecting the aqueous sample 
by a constant volume and guiding the same to the 
TC oxidative reaction part 2 or the IC reaction part 
6. The TC oxidative reaction part 2 and the IC 
reaction part 6 are connected to the micro syringe 
17 through the four-port valve 16, while a TOC 
meter sample container 19 is also connected to the 
four-port valve 16. The microsyringe 17 collects a 
constant volume of ordinary pure water such as ion 
exchanged water or the aqueous sample from the 
sample container 19, for guiding the same to the 
TC oxidative reaction part 2 or the IC reaction part 
6. 

The TC oxidative reaction part 2 is provided 
with a TC combustion tube 4 which is filled up with 
an oxidation catalyst, and a heating furnace 5 is 
provided around the TC combustion tube 4 for 
heating the same. The aqueous sample is injected 
into the TC combustion tube 4 through a TC sam- 
ple injection port 3 thereof. Further, a passage for 
carrier gas from a gas flow control part 1 is con- 



nected to the TC sample injection port 3, so that 
pure gaseous oxygen or oxygen-containing gas 
such as high purity air from which a carbon com- 
ponent is removed, for example, is supplied from 

5 the gas flow control part 1 to the TC combustion 
tube 4 through the TC sample injection port 3. An 
outlet of the TC oxidative reaction part 2 is con- 
nected to dehumidifying/dedusting part 11 through 
a cooling coil 20, an ultrapure water trap 22 for 

w blank check and the IC reaction part 6, as well as 
to a C0 2 detection part 12 of an NDIR (non- 
dispersive infrared spectrophotometer) through the 
dehumidifying/dedusting part 11. 

A sparge gas passage is guided from the gas 

75 flow control part 1 to the sample container 19 to be 
capable of guiding the gas from the gas flow con- 
trol part 1 also into the sample container 19 as 
sparge gas, so that IC can be removed from the 
ordinary pure water or the aqueous sample stored 

20 in the sample container 19. 

The IC reaction part 6 is provided with an IC 
reactor 8 which is filled up with an IC reaction 
solution, so that a liquid sample is injected from the 
automatic sample injector 15 through an IC sample 

25 injection port 7. In the IC reactor 8, IC in the 
injected liquid sample is generated as C0 2 , and 
guided to the C0 2 detection part 12 through the 
dehumidifying/dedusting part 1 1 by the carrier gas 
which is supplied through the TC oxidative reaction 

30 part 2. Numeral 10 denotes an IC reaction solution 
supplier for supplying the IC reaction solution to 
the IC reactor 8, and numeral 9 denotes a drain 
valve for discharging the IC reaction solution from 
the IC reactor 8. 

35 The cooling coil 20 which is provided in the 

passage between the TC oxidative reaction part 2 
and the IC reaction part 6 is adapted to cool the 
gas from the TC oxidative reaction part 2, and a 
fan 21 is provided for air-cooling the coil 20. The 

40 ultrapure water trap 22 which is provided down- 
stream the coil 20 is adapted to condense water 
vapor which is formed in the TOC oxidative reac- 
tion part 2 and retaining the same. A passage for 
the ultrapure water which is retained in the ul- 

45 trapure water trap 22 is connected to one port of 
the four-port valve 16, so that the ultrapure water 
can be collected by the microsyringe 17 for sample 
injection and injected into the TC oxidative reaction 
part 2. 

50 Description is now made on an operation for 

forming a calibration curve and an operation for 
proving that this TOC meter has sensitivity for 
ultralow concentration such as that of not more 
than 50 ppbC in this embodiment. 

55 Fig. 3A shows the calibration curve forming 

operation. Ordinary pure water is introduced into 
the sample container 19, for forming blank check 
ultrapure water which is required for a blank check. 
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The ordinary pure water contains TOC of at least 
100 ppbC in general. When the ordinary pure water 
is injected into the TC oxidative reaction part 2 by 
the automatic sample injector 15, water vapor is 
formed in the TC oxidative reaction part 2, and the 
ultrapure water trap 22 retains ultrapure water re- 
sulting from condensation of the water vapor. The 
automatic sample injector 15 collects the ultrapure 
water which is retained in the ultrapure water trap 
22 by a constant volume and injects the same into 
the TC oxidative reaction part 2, for carrying out a 
blank check. The ultrapure water which is retained 
in the ultrapure water trap 22 can be regarded as 
containing substantially zero TOC. Due to this 
blank check, it is confirmed that the apparatus has 
a sufficiently low blank value. 

Then, TC standard solutions are measured, 
The standard solutions are prepared from those 
having TC concentration values of zero and C ppm 
respectively, for example. It is assumed that detec- 
tion outputs for the standard solutions having con- 
centration values of zero and C ppm are xo and xc 
respectively. The value x 0 is not zero, since or- 
dinary pure water forming the standard solution 
generally contains TOC of at least 100 ppbC. 
When a straight line yi connecting measured val- 
ues of the two reference solutions is so translated 
that x 0 is zero for forming a straight line y 2 as 
shown in Fig. 3B, this straight line y2 defines a 
calibration curve. The data of the calibration curve 
are held in a calibration curve part 30. 

Then, it is proved that this TOC meter has 
sensitivity for not more than 50 ppbC, with refer- 
ence to Fig. 4. 

The ordinary pure water is introduced into the 
sample container 19, so that the same is injected 
into the TC oxidative reaction part 2 by a constant 
volume, to be subjected to measurement. A data 
processing part 13 calculates TC concentration of 
the ordinary pure water, on the basis of the detec- 
tion value upon measurement of the ordinary pure 
water and the calibration curve which is held in the 
calibration curve part 30. Then, a dilution mag- 
nification for diluting the ordinary pure water with 
the ultrapure water which is retained in the ul- 
trapure water trap 22 so that its concentration 
reaches a previously set value of not more than 50 
ppbC is calculated from the TC concentration as 
calculated. Assuming that the previously set con- 
centration of the test solution is 40 ppbC and the 
TC concentration obtained by measuring the or- 
dinary pure water is 200 ppbC, for example, the 
dilution magnification is 5 times. Volumes of the 
ordinary pure water and the ultrapure water to be 
collected are calculated from the result as cal- 
culated. The microsyringe 17 collects the ultrapure 
water from the ultrapure water trap 22 by the 
calculated volume, and then collects the ordinary 



pure water from the sample container 19 also by 
the calculated volume. Assuming that the ordinary 
pure water is collected by 400 ul and the ultrapure 
water is collected by 1600 u\, for example, 

5 

200 ppbC x (400/(400 + 1600)) = 40 ppbC 

and hence a test solution of 40 ppbC is prepared in 
the TOC meter with the ordinary pure water of 200 
w ppbC. 

Then, the test solution which is prepared in 40 
ppbC, for example, is injected into the TC oxidative 
reaction part 2 from the automatic sample injector 
15 so that its concentration is obtained by TC 

75 measurement, thereby confirming that TC mea- 
surement of not more than 50 ppbC is possible. 

TC measurement is carried out in the afore- 
mentioned embodiment. In order to strictly prove 
that TOC measurement of not more than 50 ppbC 

20 is possible, on the other hand, ordinary pure water 
which is used for preparing a test solution of not 
more than 50 ppbC may be introduced into the 
sample container 19 so that inert gas such as 
nitrogen gas is fed from the sparge gas passage 

25 communicating with the gas flow control part 1, 
thereby previously removing IC from the ordinary 
pure water. Thus, only TOC remains with removal 
of IC, so that it is possible to confirm that low 
concentration TOC measurement is possible. 

30 Although the present invention has been de- 

scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 

35 tion being limited only by the terms of the appen- 
ded claims. 

Claims 

40 1. A total organic carbon meter comprising a re- 
action part (2) at least including a TC oxidative 
reaction part for converting total carbon in an 
aqueous sample to CO2, an automatic sample 
injector (15) for collecting said aqueous sample 

45 or ordinary pure water and injecting the same 

into said reaction part (2), a sample injection 
control part (18) for controlling the sample in- 
jecting operation of said automatic sample in- 
jector (15), a carrier gas supply part (1) for 

50 supplying pure gaseous oxygen or oxygen- 

containing gas to said reaction part (2) as 
carrier gas, a CO2 detection part (12) for de- 
tecting said CO2 being received from said re- 
action part (2) with said carrier gas, and a data 

55 processing part (13) for processing a detection 

signal of said C0 2 detection part (12), char- 
acterized in that 

said total organic carbon meter further 
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comprising an ultrapure water trap mechanism 
(20, 21 , 22) being provided in a passage be- 
tween said TC oxidative reaction part of the 
reaction part (2) and said C0 2 detection part 
(12) for retaining condensed water of water 5 
vapor being formed in said TC oxidative reac- 
tion part, and a passage for connecting said 
automatic sample injector (15) with an ultra- 
pure water trap (22) of said ultrapure water trap 
mechanism (20, 21, 22) to be capable of col- w 
lecting ultrapure water from said ultrapure wa- 
ter trap (22) and injecting the same into said 
reaction part (2), and 

said sample injection control part (18) also 
controlling an operation of collecting said ul- 15 
trapure water and ordinary pure water being 
outside this apparatus and diluting said or- 
dinary pure water with said ultrapure water for 
preparing a test solution having ultralow carbon 
concentration and injecting the same into said 20 
reaction part (2). 



4. The total organic carbon meter in accordance 
with claim 1, wherein 

said ultrapure water trap mechanism (20, 
21, 22) also includes a cooling coil (20) being 
arranged between said reaction part (2) and 
said ultrapure water trap (22) for cooling said 
gas from said reaction part (2) and a fan (21) 
for cooling said cooling coil (20), in addition to 
said ultrapure water trap (22) for condensing 
said water vapor being formed in said reaction 
part (2) and retaining the same. 

5. The total organic carbon meter in accordance 
with claim 1 , wherein 

said automatic sample injector (15) com- 
prises a microsyringe (17) and a passage 
switching valve (16) for switching to connect 
said microsyringe (17) to between a sample 
container (19) for said aqueous sample, said 
ultrapure water trap (22) and said reaction part 
(2). 



2. The total organic carbon meter in accordance 
with claim 1, wherein 

said data processing part (13) comprises a 25 
calibration curve part (30) for forming and hold- 
ing calibration curve data, a carbon concentra- 
tion calculating part (31) for calculating carbon 
concentration from said detection signal of said 
CO2 detection part (12) through said calibration 30 
curve, and a dilution magnification calculating 
part (32) for calculating a dilution magnification 
for forming a test solution having ultralow car- 
bon concentration by diluting said ordinary 
pure water with said ultrapure water of said 35 
ultrapure water trap (22) from said concentra- 
tion being calculated by said carbon concen- 
tration calculating part (31) in measurement of 
said ordinary pure water being outside this 
apparatus, 40 

said sample injection control part (18) con- 
trols to collect said ordinary pure water and 
said ultrapure water in accordance with said 
dilution magnification being calculated by said 
dilution magnification calculating part (32) and 45 
inject the same into said TC oxidative reaction 
part (2). 



6. The total organic carbon meter in accordance 
with claim 1, wherein 

said reaction part (2) is provided with a TC 
combustion tube (4) being filled up with an 
oxidation catalyst, a heating furnace (5) being 
provided around said TC combustion tube (4) 
for heating the TC combustion tube (4). 

7. The total organic carbon meter in accordance 
with claim 1 , wherein 

a dehumidifying/dedusting part (11) is ar- 
ranged on an inlet passage for said C0 2 de- 
tection part (12). 

8. The total organic carbon meter in accordance 
with claim 1 , wherein 

a passage for guiding sparge gas is pro- 
vided to a sample container (19) storing said 
aqueous sample or said pure water, for remov- 
ing inorganic carbon from said aqueous sam- 
ple or said ordinary pure water. 



3. The total organic carbon meter in accordance 

with claim 1, further comprising an IC reaction 50 
part (6) for converting inorganic carbon in said 
aqueous sample to CO2, 

said automatic sample injector (15) being 
connected also with said IC reaction part (6) by 
a passage, to be capable of collecting said 55 
aqueous sample and injecting the same also 
into said IC reaction part (6). 
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